Abstract The placebo effect is a complex phenomenon occurring across a variety of clinical conditions. While much placebo research has been conducted in diseases defined by self-report such as depression, chronic pain, and irritable bowel syndrome (IBS), asthma has been proposed as a useful model because of its easily measured objective outcomes. Studies examining the placebo response in asthma have not only contributed to an understanding of the mechanisms behind the placebo response but also shed an interesting light on the current treatment and diagnosis of asthma. This paper will review current literature on placebos in general and specifically on the placebo response in asthma. It focuses on what we know about the mechanisms behind the placebo effect, whether there is a specific portion of the population who responds to placebos, which patient outcomes are influenced by the placebo effect, and whether the effect can be augmented.
Introduction
A placebo is an inactive substance or sham form of therapy used either as a control in clinical trials or in an attempt to elicit a positive response from a patient. Until the first half of the twentieth century, the use of placebos was widespread [1]; some have argued that placebos reflect the entire history of medicine prior to evidence-based interventions [2] . In the early 1900s, Richard Cabot, a leading physician at Harvard Medical School, stated that he "was brought up, as I suppose every physician is, to use placebo, bread pills, water subcutaneously, and other devices" [3] . Despite their ubiquity, for centuries, placebos were dismissed as inert interventions that did not result in significant therapeutic benefits or actual pathophysiological changes, but merely mollified the patient by deceptive means [4] . Though lacking pharmacologic activity, placebos are cited as improving signs and symptoms of a wide variety of human diseases within research trials and in actual clinical practice [5, 6, 7•] . On this basis, accepted standards for design of clinical trials specify that effects of active treatments are compared against those of a placebo [8] [9] [10] . In spite of this common practice, it is frequently not known whether the observed placebo response differs from the natural history of the disease under study or from regression to the mean [11, 12] and whether all subjects or a select population are susceptible to placebo effects [10] . It also remains unclear whether subjects who do manifest true placebo responses on a single occasion manifest a placebo response to the repeated administration of a similar placebo (i.e., have reliable placebo responses) [13] . In addition, in subjects who do manifest a reliable placebo response, it has been difficult to determine whether this response is consistent across a variety of placebo modalities (e.g., pharmacological vs. device placebos). These difficulties are due, in part, to the scarcity of experimental models allowing for repeated administration of specific placebos.
The Placebo Effect in Asthma
Asthma is a chronic and often debilitating inflammatory disorder affecting over 25 million individuals in the USA [14] . It is characterized by airway hyperresponsiveness, airflow obstruction, and chronic inflammation. One of the hallmarks of asthma is that changes in baseline lung function can occur rapidly with medical intervention and these changes can be rigorously and objectively quantified using well-established techniques. Furthermore, repeated assessments of lung function response can be performed over relatively short periods of time, and observation of stable asthmatic individuals without acute intervention does not pose logistical or ethical barriers. In this regard, asthma is an excellent model in which to study placebo effects. Studies documenting a placebo-like response in asthma date back to at least the late 1800s, when Mackenzie et al. [15] demonstrated that cold symptoms, including pulmonary distress, could be elicited after deceptive presentation of an artificial rose. Studies examining the placebo response in asthma have not only contributed to an understanding of the mechanisms behind the placebo response but also shed an interesting light on the current treatment and diagnosis of asthma. This paper will review current literature on placebos in general and specifically on the placebo response in asthma.
We focus on what we know about the mechanisms behind the placebo effect, whether there is a specific portion of the population who responds to placebos, which patient outcomes are influenced by the placebo effect, and whether the effect can be augmented. Continued research in these areas should focus on how to use this knowledge to inform decisions in future clinical trial design and whether the placebo effect can and should be harnessed in clinical practice to improve outcomes for asthmatics who remain uncontrolled despite conventional therapies.
What Are the Mechanisms Behind the Placebo Effect?
One of the difficulties in studying the placebo effect relates to the complexity of the psychological and biological mechanisms involved. While several psychological phenomena, such as expectancy and conditioning, have been consistently observed across a variety of clinical conditions [16] [17] [18] , evidence illustrates that biologically, the placebo response is modulated by the release of a wide variety of diseasespecific neurotransmitters [19•, 20•] . Additionally, multiple studies have shown that placebo responses are associated with regionally specific, quantifiable effects on relevant brain structures [20•] . Patient expectancy is one of the most wellresearched psychological contributors to the placebo response. Expectancy is the theory that an individual's response to an intervention is directly related to their perception of the anticipated outcome. Despite the pharmacologically inactive nature of placebos, multiple clinical trials have shown that administration of inert substances can induce positive outcomes. This improvement has been postulated to relate to patient expectations of benefit, either owing to the patient's belief that they are receiving active medication or through the positive experience-including embodied cognition-of the ritual of treatment and the patient-doctor relationship [21] . Studies have shown that 30-50 % of asthmatics demonstrate reproducible bronchoconstriction to inhaled saline presented as an irritant; this effect is reversible when inhaled saline is then identified as a bronchodilator [22, 23] . More recently, in a study by Castro et al. in which patients were randomized to undergo active or sham bronchial thermoplasty, 64 % of sham-treated patients showed improvement in quality of life [24] . Furthermore, administration of active treatment (e.g., opioids to treat pain) unbeknownst to patients resulted in a reduced global drug effect as compared to open administration [25] , highlighting the fact that even with pharmacologically active treatment, patient expectation plays a vital role in the observed treatment response.
Multiple studies have shown conditioning and associative learning paradigms also play crucial roles in the placebo response. In a study by Goebel et al., patients with allergic rhinitis underwent a conditioning protocol, receiving desloratadine, an H 1 receptor antagonist, paired with a novel drink, for five consecutive days. After the washout period, patients who were reexposed to the novel drink plus placebo showed improved symptom scores, decreased wheal size on the skin prick test, and diminished basophil activation [26, 27] . Numerous other pharmacological conditioning trials have shown that these placebo responses mimic active drug effects and that prior exposure to an effective treatment is an important part of the conditioned placebo response [20•, 26, 28] . These findings highlight the specificity of the placebo response and the difficulty in generalizing results of placebo trials across clinical conditions. Despite these complexities, research has begun to identify various neurotransmitters and brain regions involved in disease-specific placebo responses. Neuroimaging studies examining placebo administration in chronic pain have confirmed brain changes similar to those observed with opioid treatment [19•] . Additionally, placebo administration for analgesia has been shown to act on the endogenous opioid system, with its effects reversed by the opioid antagonist naloxone [29] . In Parkinson's disease, the placebo response has been linked to dopamine release in the striatum and neuronal activity in the subthalamic nucleus, both of which are key brain regions affected by Parkinson's disease and are associated with motor control [30] [31] [32] . Research on the conditioned immune response has demonstrated involvement of the insular cortex, amygdala, and ventromedial nucleus of the hypothalamus [33] . While the majority of the pathways and mechanisms behind the placebo response are not yet fully understood, research continues to demonstrate that neurobiological and pathophysiological changes accompany the placebo response.
Who Are Placebo Responders?
It has been postulated that another reason behind the complexity of studying the placebo response may be that only a portion of the population are "placebo responders." The inability to definitively demonstrate the existence or nonexistence of a subset of individuals who predictably respond to placebo administration has constrained placebo research for 50 years [2, 13] . Improved sophistication of clinical trial design and more precise basic research experiments would be possible with the capability to discriminate a placeboresponsive population. To this end, research has sought to identify personality traits that contribute to the likelihood that a person will respond to placebo administration. In various trials, placebo responders have been found to be more anxious, self-centered, talkative, and spiritual [34] , sociable and extroverted [35] , suggestible [36] , and younger in age [37, 38] . However, despite these continued efforts to identify particular traits associated with the placebo response, trials have not yet been able to consistently replicate findings for any particular attribute [13] .
In addition to examining personality and demographic characteristics, research has commenced looking at genetic polymorphisms that could potentially play a role in identifying placebo responders. In a recent study of patients with inflammatory bowel syndrome (IBS), patients homozygous for the catechol-O-methyltransferase (COMT) val158met methionine allele (met/met) were found to be more responsive to placebo than their val/met or val/val counterparts [39] . The study showed a linear relationship between number of met alleles and placebo responsiveness. COMT, an essential enzyme in dopamine catabolism, has been shown to play a vital role in pathways involving reward, pain, memory, and learning. As evidence has implicated dopamine as a key player in patient expectancy via these pathways, it follows that a polymorphism affecting dopamine transport might reasonably alter the placebo response. Larger replications are critical to verify this genetic association, and the authors have noted that it is unlikely this polymorphism is wholly responsible for as complex a phenomenon as the placebo response; further research, including neuroimaging, is warranted. Most neuroimaging studies have examined neural activity during placebo administration in analgesia; there is a paucity of neuroimaging studies looking at the placebo response in peripheral organs [20•] . Future studies examining the neurobiological and genetic bases of the placebo response will determine whether science can truly identify placebo responders from nonresponders and whether these traits are consistent across individuals and illnesses. Additional findings in these areas can direct future clinical trial design and studies examining the placebo response.
Can the Placebo Response Be Augmented?
As discussed above, one of the most well-researched areas of placebo medicine relates to the contribution of the psychological concept of expectancy [4] . Knowing the significance of the role expectancy plays in the placebo response, research has focused on ways to modify and enhance patient expectation and thus subjective response to placebo administration. Verbal suggestions and environmental cues are some of the most important factors that contribute to expectations [25] . Many studies have shown that modifying expectations, through the use of verbal cues suggestive of positive outcomes, results in an increased placebo response [19•] . Evidence has shown that verbal cues or previous experience may work through the same neurobiological pathways as certain pharmacological agents by causing the release of endogenous opioids, dopamine [40] , and cannabinoids [41] . A study by Wise et al. [42] sought to determine whether enhancing expectation of treatment benefit through positive verbal and written cues would improve response to placebo and/or active treatment. This multicentered clinical trial enrolled 601 subjects with poorly controlled asthma and randomized them to usual care or one of four treatment groups: placebo with enhanced messages, placebo with neutral messages, montelukast with enhanced messages, or montelukast with neutral messages. Assignment to active or placebo treatment was double blind while assignment to enhanced or neutral messages was single blind. Subjects in the usual care group received an informational pamphlet on asthma and were then followed for 6 weeks. All other subjects received an educational session, enhanced or neutral, followed by a 2-week runin, another information session, and then randomization to 4 weeks of treatment or placebo. Outcome measures included peak expiratory flow (PEF) and self-reported measures of asthma symptom control, including the asthma control questionnaire (ACQ). The study generated several important findings. First, PEF improved with active treatment compared to placebo, but not with enhanced messages versus neutral messages. PEF also did not improve when comparing placebo to usual care. This highlights the fact that objective measures were only improved by active treatment, not by placebos or enhanced messaging. These results are consistent with other studies that have found that the placebo response does not improve objective measures of asthma control [43, 44, 42, 45] . In contrast, patient-reported outcome measures showed improvement in the enhanced versus neutral group, but only in the placebo arm and not in the treatment arm. Subjective asthma control showed a similar magnitude of improvement when comparing active treatment to the enhanced message placebo group. However, enhanced messages in the treatment arm did not further improve subjective outcomes as compared to neutrally presented treatment. To summarize, enhanced expectations augmented subjective measures of asthma control in the placebo group but not in the treatment group (Fig. 1) . This research shows that neither placebos nor patient expectancy affects objective measures of lung function in asthma. However, both have the potential to improve subjective asthma symptom control.
In light of the potential for placebos to improve subjective measures of asthma control, there has been interest in the possibility of introducing placebo treatment into clinical care. However, because placebo responses have been strongly linked to patient expectancy, there has been an almost universal perception that the placebo must be administered deceptively [46] . If patients are aware that they are to receive an inert pill, they are not likely to expect symptom improvement. To test this theory, a study of open-label placebo administration in irritable bowel syndrome (IBS) was recently undertaken [47] . Investigators truthfully informed subjects that they would be receiving an inert pill but they explained that a significant body of research has documented patient improvement with the same placebo treatment. This study demonstrated a significant improvement in symptom reports following placebo administration as compared to usual care, despite patients' knowledge that they had received pharmacologically inert pills. This proof-of-concept trial demonstrates that the placebo response can be evoked as long as its use is paired with convincing rationale. An open-label placebo response has also been elicited in a recent study of episodic migraine, in which open-label placebo treatment was found to reduce pain by 30 % during an acute attack compared to no treatment [48] . Whether open-label placebo administration has a role in asthma is yet to be determined, but the potential to prescribe placebos openly while still eliciting a response makes the introduction of placebos into clinical practice a more distinct future possibility.
Which Patient Outcomes Are affected by the Placebo Response?
While much placebo research has been conducted in diseases defined by self-report such as depression, chronic pain, and irritable bowel syndrome (IBS), asthma has been proposed as a useful model because of its easily measured objective outcomes. In patients with asthma, administration of short-acting bronchodilators can cause rapid increases in lung function as measured by spirometry, allowing objective patient outcomes to be measured over a short period of time. While most studies have repeatedly shown improvements in subjective measures of disease control, results are conflicting with regard to objective measures. There has been an abundance of research into the placebo effect on objective and subjective measures of asthma. Studies have historically reported conflicting results, with some trials showing that placebo administration leads to improvements in objective measures of lung function, such as forced expiratory volume in 1 s (FEV1), bronchial hyperreactivity, or peak expiratory flow (PEF) [37, 13, 44, 43] . Importantly, most of these trials did not include a "no treatment" arm to control for the potential contributions of natural disease progression, regression to the mean, or other outside influences, and those that did showed no placebo effect on objective measures. A landmark meta-analysis was conducted looking at the placebo response across multiple conditions in studies containing a no treatment control arm, and the results showed a significant increase in patientreported subjective measures in the placebo arm, but not in objective measures [11, 49] . Of the studies that have been conducted in asthma with a no treatment control arm, all have also shown improvement only in patient-reported subjective measures, such as symptom severity and asthma control scores, but not in therapeutically significant objective measures [43, 44, 42, 45] .
In light of the conflicting evidence generated by historical studies, Wechsler et al. sought to assess whether placebo interventions in asthma can lead to objective changes in airway caliber, self-reported subjective improvements, or both, beyond the changes in lung function and symptoms that are attributable to the natural history of the disease [45] . The effects of albuterol (an active bronchodilator), sham inhaler, sham acupuncture, and a no treatment control were compared in a randomized, double-blind, crossover study. Using a block design, one of each of the four interventions was randomly administered over four sequential visits. This process was repeated in two additional blocks of visits for a total of 12 visits per patient. Both objective (forced expiratory volume in 1 s (FEV1)) and subjective (responses to asthma control questionnaires) measures of asthma control were measured before and after intervention at each visit. As shown in Fig. 2a , the percent increase in FEV1 after active albuterol administration was significantly higher than for the two placebo interventions or the no treatment control. There was no significant difference between the three inactive interventions. In contrast, Fig. 2b shows subjective patient improvement after each of the four interventions. Subjective improvement was seen in the active treatment group as well as the two placebo intervention groups and was significantly higher than that observed in the no treatment control group. There was not a significant difference in subjective improvement seen between the active and placebo arms. These findings are consistent with previous studies that have shown a strong placebo effect for subjective measures of asthma control despite a lack of objective improvement.
The ability of placebos to affect subjective perceptions of disease severity without modifying objective physiologic outcomes is problematic if physicians are to pursue adjunct openlabel placebo treatments clinically. In many diseases, such as depression, IBS, and chronic pain, subjective reports of symptom improvement are the only measure of disease control currently available to determine a level of treatment success. However, in asthma, where lung function measurements can be readily obtained and compared to subjective symptom score improvement, evidence indicates that subjective reports often do not correlate with objective changes in airway caliber [45] . This raises the question of whether subjective outcomes in asthma are inherently unreliable and, if so, whether treatment should be directed at increasing lung function or focused on improving the patient experience of disease. While many physicians would agree that lung function is the major determinant of asthma control, others have argued that a patientcentered care model should focus on improving perception of Subjective improvement in the albuterol and both placebo arms was greater than that of the no intervention control (p <0.001). From Wechsler et al. [45, pp. 123-124] . Copyright © 2011 Massachusetts Medical Society. Reprinted with permission symptoms and quality of life [50] . According to national guidelines, the diagnosis and treatment of asthma should be based on both subjective reports of symptoms as well as the objective measurement of lung function [51] . However, in a preponderance of primary care offices, patients are diagnosed with asthma based on symptomatology alone and prescribed treatments in lieu of confirmation of disease through lung function testing. These same patients are stepped up or down on their asthma therapies based wholly on symptom reports. If research shows that subjective measures are unreliable and maximized lung function is the goal of therapy, then current treatment paradigms need to be revisited. Alternatively, if providing patient-centered care means focusing on symptom control as the goal of therapy, perhaps adjunct treatment with open-label placebos would offer an interesting clinical approach. Many reports have shown that patients are not always able to determine when their asthma is worsening and that there is incongruity between symptoms and lung function [52, 53] . Therefore, if placebos can affect subjective reports of symptom control without improving lung function, would these placebo responders potentially be at higher risk of exacerbation because of a seeming disconnect between disease severity and their ability to recognize it? In order to control for exacerbations in asthma, it seems that one would want to increase lung function to maximize patient health. However, symptom reports determine quality of life, which is also an important measure of patient treatment satisfaction. The discrepancy between these competing goals creates a dilemma in the consideration of treating patients with open-label placebo medicine, even as an adjunct to current therapy.
How Does the Placebo Effect Impact Clinical Trial Design?
Since initial observations of the placebo response were realized after World War II, current standards for clinical efficacy studies indicated that active treatment should ideally be compared to placebo in order to determine a true treatment effect. The assumption of this design is that the difference between the total treatment effect in the drug arm and the nonspecific effects that occur in the placebo group is the pharmacological effect of the drug, or the specific treatment effect [54] . Because most trial designs do not include a "no treatment" control arm, the placebo response is likely to be the sum of the placebo effect and the natural progression of the disease, regression to the mean, or other outside influences. Indeed, when studies have included a "no treatment" arm, improvements are often noted in this group as well [49] . In light of this effect, current RCTs may be underestimating the true drug effect of new compounds [54] . Additionally, a recent study analyzed clinical trials published from 1966 to 2010 and found that there has been a significant decline in average effect size between drug and placebo [55] . While this is likely due in part to the fact that innovative drugs are being discovered less frequently, it emphasizes the importance of minimizing the placebo response so when an efficacious drug is trialed, it does not get overshadowed by the control. In an effort to minimize placebo responses, novel clinical trial designs are being employed for the first time since the advent of the randomized controlled clinical trial. One of these designs, known as sequential parallel comparative design (SPCD), is being used in a phase 3 trial of an opioid modulator for major depressive disorder [56] . In the first stage of the trial, more than half of the participants are assigned to the placebo arm and then placebo nonresponders are reassigned in a second portion of the trial, with half receiving drug and half receiving placebo. The benefit to this design is that studies are able to retain the same level of power while enrolling 20-50 % fewer participants [56] , potentially saving the industry millions of dollars. Future trials utilizing novel designs will provide insight into the true effect of placebos and could shake the foundation of touted randomized placebo controlled clinical trials.
Conclusions
In recent years, it has been recognized that the placebo effect might be worth exploiting so that it can supplement pharmacologically active therapies to further patient improvement. While there are many benefits to this proposed method, including a lack of treatment side effects, there are many stumbling blocks that will need to be overcome. In order to appropriately introduce open-label placebos into clinical care, research needs to further elucidate the psychological and biological mechanisms of the placebo response, the subject and objective outcomes affected by placebos, and the ethics of utilizing placebo medicine in clinical practice. Research should seek to discover whether the proposed neurobiological pathways implicated in the placebo response are consistent for individuals and across various illnesses. Medical acumen will need to speak to whether promoting subjective improvement in the absence of accompanying objective changes is an ethically wise choice for patient treatment. Further research should validate the effect of open-label placebo administration so physicians can partner with their patients in implementing placebo treatment without employing deceptive means. Finally, novel clinical trial designs will need to stand the test of time to determine their superiority to the classic randomized controlled clinical trial.
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